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Description 

The present invention relates to plastic lenses and processes for preparing the same. In preferred 
embodiments, the present invention relates to a method for preparing plastic lenses having a high-refractive 
5 index, high surface accuracy and excellent optical properties. 

Prior to the present invention, compositions including, for example, diethylene glycol bis(allyl carbonate) 
(hereinafter abbreviated as DAC), PMMA, and polycarbonates were used as raw material for preparing 
plastic lenses. In a known method in which an internal releasing agent is used to improve mold release 
characteristics in molding these raw materials, butyl phosphate is added to DAC. However, the appearance 
70 of molded articles is impaired thereby. [See for example Seiichi Mima, "Polymer Digest", 3,39 (1984).] 

In molding polyurethane and S-alkyl thiocarbamic acid ester lenses, it is difficult to release the lens 
from a mold after polymerization. In order to solve this problem, inventors of the present application have 
already suggested a method in which an external releasing agent is employed (Japanese Patent Laid-open 
Publication No. 267316/1987 and the like) and a method in which a mold made from a polyolefin resin is 
75 employed (Japanese Patent Laid-open Publication No. 236818/1987). 

However, these mold releasing methods are still insufficient, since the lenses prepared from the resins 
are cast and polymerized. 

In the method in which an externa! releasing agent is employed, a surface treatment material for the 
inside surface of the moid is partially transferred to the surface and interior of the polymerized lenses, 

20 causing the lens surfaces to be uneven and turbid. In addition, mold release treatment is required each time 
the mold is repeatedly used. Accordingly, this suggested method is intricate, reduces lens productivity, and 
thus is extremely uneconomical. 

Further, the above method causes deformation of the polyolefin resin mold at the elevated temperature, 
causing the accuracy of the lens surfaces to be poor. Thus, the method cannot be applied in applications in 

25 which high surface accuracy is required. 

Preferred embodiments of the present invention may achieve one or more of the following: 
to ameliorate the problems and disadvantages of the prior art by providing a process for preparing 
plastic lenses having a high refractive index, superior surface accuracy and superior optical properties than 
prior art plastic lenses; to provide colorless and transparent plastic lenses suitable for use in eyeglasses 

30 and cameras and processes for producing the same; to provide plastic lenses having high surface accuracy 
and excellent optical properties and processes for producing the same; to provide plastic lenses that are 
lightweight and have a high refractive index and processes for producing the same; to provide plastic lenses 
that are excellent in impact resistance and processes for producing the same. 

EP-A-0,271 ,839 (which was published on 22 June 1988 i.e. after the priority date of the present 

35 application) discloses the use of internal mold releasing agents of the types used herein in the casting of 
urethane lenses formed using polythiols as the active hydrogen components. EP-A-0,235,743 also concerns 
urethane lenses using polythiols as the active hydrogen components. Use of an internal release agent is 
mentioned as a possibility. JP-A-62267316 concerns lens resins formed using specific polythiols. US-A- 
4689387 concerns lens resins formed using thiols which may also contain hydroxy-groups. 

40 The invention provides a process for preparing plastic lenses, e.g. of a high refractive index, comprising 
forming a mixture containing (a) one or more polyisocyanate compounds(b) one or more polyol compounds 
and (c) at least one internal releasing agent as defined below; and casting and polymerizing the mixture to 
form a lens. 

The lenses of the invention may be lightweight, excellent in impact resistance, have high surface 
45 accuracy, high refractive index, excellent optical properties, be colorless and transparent and thus be 
suitable for use as eyeglass lenses and camera lenses. 

The present inventors have discovered that when an internal releasing agent is added to a monomer 
mixture prior to casting and polymerizing the same, plastic lenses having high surface accuracy and 
excellent optical properties can be manufactured extremely efficiently on an industrial scale using a glass 
so mold without any specific mold release treatment on the mold surface. 

The internal releasing agent for use in the process of the invention is selected from fluorine containing 
nonionic surface active agents, silicon containing nonionic surface active agents, alkyl quaternary ammo- 
nium salts, and acidic phosphates. The most suitable internal releasing agent for any particular application 
can be selected based upon the combination of monomers employed, the conditions for polymerization, 
55 economy and ease of handling. 

The internal releasing agents may be used alone or in the form of a mixture of two or more thereof. 

The fluorine containing nonionic surface active agents and the silicon containing nonionic surface active 
agents, which may be used as the internal releasing agents in the present invention, may be compounds 

2 
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each having a perfluoroalkyl group or a dimethylpolysiloxane group, a hydroxyalkyl group and a phosphoric 
ester group. Exemplary fluorine containing nonionic surface active agents which are commercially available 
include Unidain™: DS-401 and DS-403 (products of Daikin Kogyo Co., Ltd.), F-Top™: EF122A, EF126 and 
EF301 (products of Shinakita Chemical Co., Ltd.). An exemplary silicon containing nonionic surface active 

5 agent is a trial product Q2-120A of Dow Chemical Co. 

The alky I quaternary ammonium salts which may be used as the internal releasing agents in the 
present invention are known as cationic surface active agents. Exemplary suitable alkyl quaternary 
ammonium salts for use in the process of the invention include halogen salts, phosphates and sulfates of 
alkyl quaternary ammonium. Exemplary suitable chlorides thereof include trimethylacetylammonium chlo- 

io ride, trimethylstearylammonium chloride, dimethylethylcetyiammonium chloride, triethyldodecylammonium 
chloride, trioctylmethylammonium chloride and diethylcyciohexyldodecylammonium chloride. 

Exemplary suitable acidic phosphate compounds for use as the internal releasing agent in the present 
invention include isopropyl acid phosphate, diisopropyl acid phosphate, butyl acid phosphate, dibutyl acid 
phosphate, octyl acid phosphate, dioctyl acid phosphate, isodecyl acid phosphate, diisodecyl acid phos- 

15 phate, tridecanol acid phosphate and bis(tridecanol acid) phosphate. 

The amount of the internal releasing agent, which may be used alone or in a mixture of two or more 
thereof, is from about 0.1 to about 10,000 ppm, preferably from about 1 to about 5,000 ppm with respect to 
the total weight of a monomer mixture. 

When the amount of internal releasing agent is less than 0.1 ppm, mold release characteristics are 

20 poor; when it is in excess of 10,000 ppm, turbidity takes place in the prepared lenses, and each lens is 
prematurely separated from the mold during polymerization and the surface accuracy of the lenses 
deteriorates. 

Exemplary suitable polyisocyanate compounds useful in the process of the invention include aliphatic 
polyisocyanate compounds such as ethylene diisocyanate, trimethylene diisocyanate, tetramethylene 

25 diisocyanate, hexamethylene diisocyanate, octamethylene diisocyanate, nonanemethylene diisocyanate, 
2,2'-dimethylpentane diisocyanate, 2,2,4-trimethylhexane diisocyanate, decamethylene diisocyanate, butene 
diisocyanate, 1 ,3-butadiene-1 ,4-di isocyanate, 2,4,4-trimethylhexamethylene diisocyanate, 1,6,11-undecane 
triisocyanate, 1 ,3,6-hexamethylene triisocyanate, 1 ,8-diisocyanato-4-isocyanatomethyloctane, 2,5,7-trimethyl- 
1,8-diisocyanato-5-isocyanatomethyloctane, bis(isocyanatoethyl) carbonate, bis(isocyanatoethyl) ether, 1,4- 

30 butylene glycol dipropyl ether-o.co'-diisocyanate, lysine diisocyanatomethyl ester, lysine triisocyanate, 2- 
isocyanatoethy!-2,6-diisocyanato hexanoate, 2-isocyanatopropyl-2,6-diisocyanato hexamoate, xylylene 
diisocyanate, bis(isocyanatoethyl)benzene, bis(isocyanatopropyl)benzene, a,a,a , ,a , -tetramethylxylylene 
diisocyanate, bis(isocyanatobutyl)benzene, bis(isocyanatomethyl)naphthalene, bis(isocyanatomethyl) 
diphenyl ether, bis(isocyanatoethyl) phthalate, mesitylylene triisocyanate and 2,6-di(isocyanatomethyl)furan; 

35 alicyclic polyisocyanates such as isophorone diisocyanate, bis(diisocyanatomethyl)cyclohexane, dicyclohex- 
ylmethane diisocyanate, cyclohexane diisocyanate, methylcyclohexane diisocyanate, dicyclohexyldimethyl- 
methane diisocyanate, 2,2 f -dimethyldicyclohexylmethane diisocyanate, bis(4-isocyanato-n-butylidene)- 
pentaerythritol, dimer acid diisocyanate, 2-isocyanatomethyl-3-(3-isocyanatopropyl)-5-isocyanatomethyl- 
bicyclo(2,2,1)-heptane, 2-isocyanatomethyl-3-(3-isocyanatopropyl)-6-isocyanatomethyl-bicyclo-(2,2,1)-hep- 

40 tane, 2-isocyanatomethyl-2-(3-isocyanatopropyl)-5-isocyanatomethyl-bicyclo-(2,2,1)-heptane, 2- 

isocyanatomethyl-2-(3-isocyanatopropyl)-6-isocyanatomethyl-bicyclo(2 l 2,1)-heptane, 2-isocyanatomethyl-3- 
(3-isocyanatopropyl)-5-(2-isocyanatoethyl)-bicyclo-(2,2,1)-heptane, 2-isocyanatomethyl-3-(3- 
isocyanatopropyl)-6-(2-isocyanatoethyl)-bicyclo-(2,2,1)-heptane, 2-isocyanatomethyl-2-(3-isocyanatopropyl)- 
5-(2-isocyanatoethyl)-bicycio-(2,2,1)-heptane and 2-isocyanatomethyl-2-(3-isocyanatopropyl)-6-(2- 

45 isocyanatoethyl)-bicyclo-(2,2,1)-heptane; and aromatic polyisocyanates such as phenylene diisocyanate, 
tolylene diisocyanate, ethylphenylene diisocyanate, isopropylphenylene diisocyanate, dimethylphenylene 
diisocyanate, diethylphenylene diisocyanate, diisopropylphenyiene diisocyanate, trimethylbenzene 
triisocyanate, benzene triisocyanate, naphthalene diisocyanate, methylnaphthalene diisocyanate, biphenyl 
diisocyanate, tolidine diisocyanate, 4,4*-diphenyimethane diisocyanate, 3,3'-dimethyldiphenylmethane-4,4'- 

50 diisocyanate, bibenzyl-4,4'-diisocyanate,bis(isocyanatophenyl)ethylene, S.^-dimethoxybiphenyl-^*- 
diisocyanate, triphenylmethane triisocyanate, polymeric MDI, naphthalene triisocyanate, diphenylmethane- 
2,4,4 , -triisocyanate, S-methyldiphenylmethane^.e.^-triisocyanate, 4-methyl-diphenylmethane-3,5,2\4\6 T - 
pentaisocyanate, phenyiisocyanatomethyl isocyanate, phenylisocyanatoethyl isocyanate, tetrahydronaph- 
thylene diisocyanate, hexahydrobenzene diisocyanate, hexahydrodiphenylmethane^^-diisocyanate, 

55 diphenyl ether diisocyanate, ethylene glycol diphenyl ether diisocyanate, 1 ,3-propyiene glycol diphenyl 
ether diisocyanate, benzophenone diisocyanate, diethylene glycol diphenyl ether diisocyanate, dibenzofuran 
diisocyanate, carbazole diisocyanate, ethylcarbazole diisocyanate and dichlorocarbazole diisocyanate. In 
addition, halogen-substituted compounds such as chlorine-substituted and bromine-substituted compounds, 
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alkyl-substituted compounds, alkoxy-substituted compounds, nitro-substituted compounds, polyvalent al- 
cohol-modified prepolymer type compounds, carbodiimido-modified compounds, urea-modified compounds, 
biuret-modified compounds of the polyisocyanate compounds, products of dimerization and trimerization 
reactions of the polyisocyanate compounds may be employed. 

The polyisocyanate compounds may be used alone or in the form of a mixture of two or more thereof. 

Exemplary polyol compounds that contain no sulfur atom suitable for use in the process of the invention 
include ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol, butylene glycol, neopentyl 
glycol, glycerin, trimethylolethane, trimethylolpropane, butanetriol, 1,2-methyl glycoside, pentaerythritol, 
dipentaerythritol, tri pentaerythritol, sorbitol, erythritol, threitol, ribitol, arabinitol, xylitol, allitol, mannitol, 
dorcitol, iditol, glycol, inositol, hexanetriol, triglycerol, diglycerol, triethyiene glycol, polyethylene glycol, tris- 
(2-hydroxy ethyl) isocyanurate, cyclobutanediol, cyclopentahedlol, cyclohexanediol, cycloheptanediol, 
cyclooctanediol, cyclohexane dimethanoi, hydroxypropylcyclohexanol, tricyclo(5,2,1 ,0 26 )decane dimethanol, 
bicyclo(4,3,0)nonanediol, dicyclohexanediol, tricyclo(5,3,1 ,1)dodecanediol, bicyclo(4,3,0)nonane dimethanol, 
tricyclo(5,3,1 ,1 )dodecane diethanol, hydroxy propyltricyclo(5,3,1 ,1 )dodecanol,spiro(3,4)octanediol, butyl- 
cyclohexanediol, 1 ,1 f -bicyclohexylidenediol, cyclohexanetriol, maltitol, lactitol, dihydroxynaphthalene, 
trihydroxynaphthalene, tetrahydroxy naphthalene, dihydroxybenzene, benzenetriol, biphenyltetraol, pyrogal- 
lol, (hydroxynaphthyl)pyrogallol, trihydroxyphenanthrene, bisphenol A, bisphenol F, xylylene glycol, di(2- 
hydroxyethoxy)benzene, bisphenol A-bis-(2-hydroxyethyl ether), tetrabromobisphenol A, 
tetrabromobisphenol A-bis(2-hydroxy ethyl ether), dibromoneopentyl glycol and epoxy resin; condensation 
reaction products of these polyois and organic poly basic acids such as oxalic acid, glutamic acid, adipic 
acid, acetic acid, propionic acid, cyclohexanecarboxylic acid, £-oxycyclohexanepropionic acid, dimer acid, 
phthaiic acid, isophthalic acid, salicylic acid, 3-bromopropionic acid, 2-bromoglycolic acid, dicarbox- 
ycyciohexane, pyromeilitic acid, butanetetracar boxy lie acid and bromophthalic acid; addition reaction 
products of the polyol compounds and alkylene oxides such as ethylene oxide and propylene oxide; and 
addition reaction products of alkylene polyamines and alkylene oxides such as ethylene oxide and 
propylene oxide. 

Furthermore, halogen-substituted compounds such as chlorine-substituted and bromine-substituted 
compounds of the polyol compounds may also be employed. 

Exemplary polyol compounds containing at least one sulfur atom suitable for use in the process of the 
invention include bis[4-(hydroxyethoxy)phenyl) sulfide, bis[4-(2-hydroxypropoxy)phenyl] sulfide, bis-[4-(2,3- 
dihydroxypropoxy)phenyI] sulfide, bis-[4,(4-hydroxycyclohexyloxy) sulfide, bis-[2-methyl-4-(hydroxyethoxy)- 
6-butylphenyl] sulfide and compounds prepared by adding ethylene oxide and/or propylene oxide to these 
sulfides in a ratio of three or less molecules of the oxide per hydroxy! group of each sulfide on the average, 
di-(2-hydroxyethyI) sulfide, 1 ,2-bis-(2-hydroxyethylmercapto)ethane, bis-(2-hydroxyethyl) disulfide, 1 ,4- 
dithian-2,5-dioI, bis(2,3-dihydroxypropyl) sulfide, tetrakis(4-hydroxy-2-thiabutyl)m ethane, bis(4-hydrox- 
yphenyl) sulfone (trade name Bisphenol S), tetrabromobisphenol S, tetramethyl bisphenol S, 4,4 f -thiobis(6- 
tert-butyl-3-methylphenol) and 1,3-bis(2-hydroxyethylthioethyl)-cyciohexane. Halogen-substituted com- 
pounds such as chlorine-substituted and bromine-substituted compounds of the polyol compounds may 
also be employed. 

The polyol compounds may be used alone or in the form of a mixture of two or more thereof. 

The molar ratio of the polyisocyanate compound to the polyol compound is from about 0.5 to about 3.0, 
preferably from about 0.5 to about 1 .5 of functional isocyanate group per mole of functional OH group. 

In the plastic lens of the present invention, a urethane resin is used as a raw material, and therefore in 
the plastic lens a urethane bond exists between an isocyanate group and a hydroxyl group. However, the 
plastic lens of the present case may also contain an allophanate bond, a urea bond, a biuret bond. For 
example, it may be desirable to further react the isocyanate group with the urethane bond to increase the 
crosslink density. Such a reaction may be carried out at a temperature of at least 100° C and the isocyanate 
component should be used in an excess amount. Alternatively, an amine compound or the like may also be 
used to produce a urea bond or biuret bond. When the isocyanate compound is reacted with a compound 
other than the hydroxyl compound attention should be paid to coloring. 

Furthermore, in the present invention, various additives may be added to the above-mentioned raw 
materials. Exemplary suitable additives include a chain extender, a crosslinking agent, a light stabilizer, an 
ultraviolet absorber, an anti-oxidant, an oil-soluble dye and a filler. 

The reaction rate may be adjusted to a desired level by adding a known reaction catalyst useful in the 
manufacture of a polyurethane. 

The plastic lens of the present invention can be prepared by cast polymerization. One or more of 
polyisocyanate compounds and one or more polyol compounds are mixed to form a mixture. At least one 
internal releasing agent is added to the mixture. The resulting mixture is then poured into a mold, followed 
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by the polymerization. 

Polymerization is usually carried out at from about -50 °C to about 200 "C and in from about 0.5 to 
about 72 hours, depending upon the types of monomers and mold releasing agent employed. 

The thus polymerized lenses may be subjected to an annealing treatment, if necessary. 
5 The plastic lenses of the present invention have high surface accuracy and excellent optical properties, 

are lightweight and excellent in impact resistance, and are suitable for lenses of glasses and cameras. 

Moreover, the lenses of the present invention can be subjected to physical and chemical treatments 
such as a surface abrasion treatment, an antistatic treatment, a hard coat treatment, a non-reflactive coat 
treatment, a coloring treatment and a dimming treatment for the prevention of reflection, the enhancement 
70 of hardness, the improvement of abrasion resistance and chemical resistance, fog resistance, the supply of 
fashionability, and the like. 

The invention will be further explained by the following examples which are intended to be purely 
exemplary of the invention. The refractive index, Abbe's number, mold release characteristics and appear- 
ance were evaluated by the following tests: 
75 Refractive index and Abbe T s number: They were measured at 20 °C by the use of a Pulfrich 

refractometer. 

Mold release characteristics: When a polymerized lens was released from a mold without resistance, 
the mold release characteristics were denoted by "O", and when a part or all of the lens was not released 
without resistance but required the driving in of a Teflon wedge between the lens and the moid, the release 
20 characteristics were denoted "X". 

Appearance: It was evaluated by visual observation. 

Example 1 

25 50 g (0.30 mol) of hexamethylene diisocyanate, 27 g (0.30 mol) of 1 ,4-butanediol and 0.08 g of 
dodecanol acid phosphate were mixed. The resulting mixture was then poured into a mold composed of a 
glass mold and a gasket. Then the mold was gradually heated from room temperature to 120°C taking 24 
hours, to complete the polymerization. After polymerization, the lens was easily released from the mold. 
The lens had high surface accuracy and was colorless. Moreover, it had a refractive index n 20 of 1.50 and 

30 an Abbe's number * 20 of 55. 

Examples 2 to 21 

Following the procedure of Example 1, lenses were prepared in composition ratios shown in Table 1. 
35 The results of performance tests are set forth in Table 1 . 

Comparative Examples 1 to 24 

Following the procedure of Example 1 with the exception that the undermentioned mold treatments 
40 were carried out, lenses were prepared in composition ratios shown in Table 2. The results of performance 
tests are set forth in Table 2. 

(1) No treatment A glass mold was used without any release treatment. 

(2) External release treatment External mold releasing agent YSR-6209™ (product of Toshiba Silicon 

Co.) was applied and baked on the inner surface of a glass mold. 

45 (3) Reuse of external release treatment The glass mold obtained by the external release treatment 

was once employed for the polymerization and then used again without any further treatment. 

(4) Use of PP mold A polypropylene mold was prepared by injection molding and used in place of 

the glass mold without any surface treatment. 

50 
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55 Claims 



A process for producing a plastic lens comprising addition of at least one internal mold releasing agent 
to a mixture of one or more polyisocyanate compounds and one or more polyol compounds followed 
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by cast polymerization, wherein the internal mold releasing agent is selected from fluorine containing 
nonionic surface active agents, silicon containing nonionic surface active agents, alkyl quaternary 
ammonium salts, and acidic phosphates. 

5 2. The process of claim 1 wherein the polyol compounds are sulfur containing polyol compounds. 

3. The process of claim 1 or 2 wherein the proportion of the polyisocyanate compound to the polyol 
compound is a molar ratio of from 0.5 to 3.0 moles of functional isocyanate group per mole of 
functional (SH + OH) group. 

70 

4. The process of any preceding claim wherein the internal mold releasing agent is present in an amount 
of from 0.1 to 10,000 ppm based on the total parts of the polyisocyanate compound and the active 
hydrogen compound. 

75 5. The process of any preceding claim wherein cast polymerization is carried out at a temperature of from 
-50 ° C to 200 • C. 

6. A plastic lens as produced by the process of any preceding claim. 
20 Patentanspriiche 

1. Ein Verfahren zur Herstellung einer Kunststofflinse, das die Zugabe wenigstens eines eingearbeiteten 
Formentrennmittels zu einem Gemisch aus einer oder mehreren Polyisocyanat-Verbindung(en) und 
einer oder mehreren Polyol-Verbindung(en) mit nachfolgender GieSpolymerisation umfaBt, bei dem das 

25 eingearbeitete Formentrennmittel aus Fluor enthaltenden nicht-ionischen oberflachenaktiven Mitteln, 
Silizium enthaltenden nichtionischen oberflachenaktiven Mitteln, quartaren Alkylammoniumsalzen und 
sauren Phosphaten ausgewahlt ist. 

2. Das Verfahren nach Anspruch 1, bei dem die Polyol-Verbindungen Schwefel enthaltende Polyol- 
30 Verbindungen sind. 

3. Das Verfahren nach Anspruch 1 oder 2, bei dem das Verhaltnis der Polyisocyanat-Verbindung zu der 
Poiyol-Verbindung ein molares Verhaltnis von 0,5 bis 3,0 Mol funktioneile Isocyanat-Gruppe pro Mol 
funktioneller (SH + OH) Gruppe ist. 

35 

4. Das Verfahren nach einem der vorhergehenden Anspruche, bei dem das eingearbeitete Formentrenn- 
mittel in einer Menge von 0,1 bis 10000 ppm, bezogen auf die Gesamtheit der Teile der Polyisocyanat- 
Verbindung und der aktiven Wasserstoff-Verbindung, vorhanden ist. 

40 5. Das Verfahren nach einem der vorhergehenden Anspruche, bei dem die GieSpolymerisation bei einer 
Temperatur von - 50 "C bis 200 °C durchgefuhrt wird. 

6- Eine Kunststofflinse, die durch das Verfahren nach einem der vorhergehenden Anspruche hergestellt 
ist. 

45 

Revendications 

1. Un procede pour la preparation d'une lentille plastique comprenant I'addition d'au moins un agent de 
demoulage interne a un melange d'un ou de plusieurs polyisocyanates et d'un ou de plusieurs polyois, 

50 puis la polymerisation par coulee, dans iequel I'agent de demoulage interne est choisi parmi ies agents 
tensio-actifs non ioniques fluores, ies agents tensio-actifs non ioniques silici£s, Ies sels d'alkylammo- 
nium quaternaire et Ies phosphates acides. 

2. Le procede de la revendication 1 , dans Iequel Ies polyols sont des polyois contenant du soufre. 

55 

3. Le procede de la revendication 1 ou 2, dans Iequel la proportion du polyisocyanate au polyol est un 
rapport molaire de 0,5 a 3,0 moles de groupe fonctionnel isocyanate par mole de groupe fonctionnel 
(SH + OH). 
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4. Le procede de Tune quelconque des revendications precedentes, dans lequel I'agent de d£mouiage 
interne est present en une quantite de 0,1 a 10 000 ppm, reiativement aux parties totales du 
polyrsocyanate et du compose a hydrogene actif. 

5 5. Le procede de Tune quelconque des revendications precedentes, dans lequel la polymerisation par 
coulee est realisee a une temperature de -50 'C a 200° C. 

6. Une lentille piastique produite selon le procede de Tune quelconque des revendications precedentes. 

10 
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